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LANGLEY’FULL-SCALE—TUNNEL‘STABILITY'AND CONTROL TESTS
OF THE BELL YP-59A ATIRPLANE

By Gerald ¥, Brewer
SUMMARY

Drag clean-up and stability investigations of the
Bell YP-59A jet-propelled airplane have been conducted
in the Lengley full-scale tunnel., At present, very
little data are available pertaining to the effect of
jets on the stability of an airplane., Some tests were
therefore made to investigate in detail the effect of
Jets on the longitudinal-stability characteristics of
this airplane configuration. The results of these
tests Indicate that with the flaps retracted, approxi-
mately 70 percent of the change in longitudinal
stability due to rated-thrust operation is caused by
the thrust moment of the jet. With the flaps
deflected 45°, the thrust moment contributes about
75 percent of the lcngitudinal-stability change for
1ift coefficients up to about 0.65. At the higher
1lift coefficients there is a large increase in the
downwash angle at the tail for the rated thrust flap-
deflected condition which results in an appreciable
increase in the total destablizing moment. For this
condition at 1ift coefficients greater than 0.65 the
change in stability due to the thrust moment of the
jet is only about 21 percent., The results of the tests
also show that with the exception of two neutrally
stable conditions {rated-thrust low-spesd flight,
flaps down [;5%and rated-thrust high-speed flight,
flaps neutral) the airplane is longitudinally stable,
atick fixed, for the design center-of-gravity location.
The airvlane will be longitudinally unstable, stick
free, for rated-thrust engine operation with flaps
neutral in the 1ift-coefficient range of 0.35 to 0.95
and with the flaps deflected 45° above a 1ift coef-
ficient of 0.8; for any other combination of engine
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opsration and flap deflection the alrpTane should

exribit stable elevator stick-force variations with
speed. Although a sufficient amount of data for a
romplete lateral stability and control analysis were

not obualqca the tests made with the engines inoperative
show that he airplane, with the landing flaps fully

deflected, may be laterally unstable in flight at 1ift
COefflClthS of about 0.8. The rolling response of the
airplane due to full aileron deflection is considered

low for both hish-speed and low=-speed flight conditions.

INTRODUCTICH

At the request of the Army Air Forces, Air Technical
Service Command, tests of the Bell YP-53%5A jet-propelled’
airplane have been made in the uargle”'iull scale
tunnel to investigate means to increase the speed of
the airplane and to evaluate the stability and control
characteristics., This report presents the test results
of the stability investigation and a brief analysis of
the static stabllity and control characteristics of the .
airplane, A discussion relating to the effects of the
exhaust jet on the zir flow at the tall and on th

stability and control of the airrlane Is &lso nwesented
The results of tests macde to determine means of
increasing the speed of the airnlane will be gilven 1in
a separate report.

In order to determine the static longitudinal
stability and control ckaracteristics of the alrpiane,
forces and moments on the airplane and elevator hinge
moments were determined for a Large range of elevator
deflection and angle of attack at several englne-
operating conditions. To obtaln an indication of the
lateral stability and control characteristics of the

airplane, rudder-effectiveness tests were made over a
range of angle of attack at angles of yaw of 0o, 39,
60,79°, and 10.6°, Alleron- effectiveness tests were
made over a range of angle of attack with the landing
flaps retracted and fullv deflerPO and with the air-
nlane at zero vaw. Alleron hinge moments were not
ohtained since the balance of the test ailerons was
not identical to that of the latest production ailerons.
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AIRPLANE AND APPARATUS

The Bell YP-59A airplane, as tested in the Langley
full-scale tunnel, is shown mounted on the balance
system in figure 1. A description of this balance and
the operation of the tunnel are given in detail in
reference 1. The three-view drawing of figure 2 shows
the principal dimensions of the airplane, The ailrplane
was in the wheels-retracted condition for all the tests,
since the nose wheel and main landing gear were removed
and replaced by the tunnel sunport system.

The Bell YP-59A is a jet-propelled fighter airplane
powered by two General Electric I-16 jet-propulsion
engines, The engines are housed in underslung nacelles
located at the wing-fuselage junctures. The air enters
the unit from a largs opening at the front of the nacelle;
the exhaust passes through a tail pipe and nozzle and
i1s ejected at the rear of the nacelle at the wing
trailing edge. These particular units are each capable
of developing about 1650 pounds of static thrust at
sea level

The test airplane was equipped with a ventral fln,
prism deflectors at the fin trailing-edge, deflector |
beads at the rudder trailing edge, and internally
sealed 60-percent-balance aillerons, Although the
arrangement of the balance and seal of the ailerons
tested was not i1dentical to that of the latest produc-
tion configuration, it was assumed that the aileron-
control characteristics of the test ailerons would be
substantially the same as the production type. A
photograph of the ventral fin installation 1is glven
in figure 3 while the deflector installations on the
fin and rudder are shown by sketcheés and a photograph
in figures L, to 6. 1In order to give some detail of the
control surfaces, cross-sectional views of the rudder,
the elevator, and the alleron are shown in figure 7.
The relation between the elevator, aileron, and rudder
deflections with control movement for this airplane is
given in figure 8. For the tests, the ailerons, the
elevator, and the rudder were operated remotely by
electrical-type actuators and the control-surface
deflections were obtained by measuring the change in
resistance of slide-wire rheostats. Elevator and rudder
hinge moments were obtalned by the use of calibrated
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cantilever-beam electrical strain-gage units installed
In the control svstems. '

SYMRBOLS

The definitions of the coefficients and symbols
used in this revort are given as follows:

Cp’ drag coefficient (X/qS)

Cy lateral-force coefficient (Y/qS)
o 1ift coefficient (Z/q4S)

C; . rolling-moment coefricient (I/qSb)
Cm pitching-moment coefficient (1/qSc)
Cp . yawing—moment coefficient (N/qSb)

Che elevator hihge-moment coefficient (He/QbeEéa)

Ch,. rudder hinge-moment coefficient (Hr/QbrEPZ)

T thrust coefficient (T/q8)

where

X force along X axis, vositive when directed

- rearward :

Y force along Y axis, positive when directed
to the.right ' :

z force along 7 axis, positive when directed
upward , .

L "~ rolling mémeht about the X axis, positive
when the moment tends to depress the right
wing

M pitching moment about the Y axis, positive-
when the moment tends to depress the tail

N * vawing moment about the 2 - axis, positive when

the moment tends to retard the right wing
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elevator hinge moment, positive when the moment
tends to depress the elevator trailing edge

rudder hinge moment,.ﬁositive when the moment
tends to move the trailing edge to the left

thrust, pounds (for two-engine operation unless
noted)

| free-stream dynamic pressure (-—pV2> pounds per

square foot
mass density of air, slugs per cubic foot
free-stream velocity, feet per second
total wing area (385 sq ft)
wing span (5.5 ft)
wing mean chord (8.47 ft)
meén aerodynamic chord (8,85 ft)
elevator span (16.75 ft)
rudder span (5.7 %)
root-mean-square elevator chord (1,32 ft)
root-mean-square rudder chord (1.39 ft)

helix angle

"rolling velocity; radians per second

elevator stick force, pounds
ruddef stick force, pounds
change in normal acceleration in g units
angie of attack of the thrust axls, degrees

angle of yaw, degrees; poéitive when the nose of
the airplane is to the right
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6 control surface deflection relative to the main
fixed surface, degrees; positive when the
trailing edge is directed downward or to the
left

1t angle'of incidence of stabilizer, degrees;
nositive:when the nose is up with respect
to the plane parallel with the thrust axis

Subscripts:

e elevator
a aileron

r rudder

£ wing flap
T tab

L left

i indicated
t tail

METHODS AND TESTS

In order to obtain data for the determination
of the longitudinal-stability and control characteristics
of the airnlane, forces and moments on the alirplane and
elevator hinge moments were determined for a range of
elevator deflection and angle of attack. These tests
were made with the ailerons and rudder locked neutral
and with the .elevator tab neutral and deflected %10°.
The tests with the elevator tab deflected f10° were made
only at angles of attack of 0.1° and 15°. The elevator
tests were made with the airplane at zero yaw for
different combinations of flap deflection and jet-engine
operation., Data were obtained with the engines inop-
erative and with the engines onerating at thrust
conditions simulating sea-level fligh%t at high-speed,
cruising, and idllng thrusts,
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For the tests with the jet-propulsion units in opera-
tion a tunnel-testing technique was employed thet vrovided
simulation in the wind tunnel of the flight thrust-1lift
relationship. The variation of thrust with airplane speed
for sea~level flight was obtained from data furnished by
the Supercherger Zngineering Division, General Electric
Company, which give the estimated thrust performance of
these I-16 jet-propulsion units over a range of altitude
and flight speed. The thrusts developed in flight at sesa
level by engine operation at rpm's of 16,500 (military rated),
13,000 (cruising), and 6000 (idling) were chosed and shall
be referred to in this report as rated, cruising and
idling thrust conditions, respectively. The variation of
the thrust coefficient with lift coefficient for these
three operating conditions is presented in figure 9. The
engine-operating conditions for the tunnel tests were
determined by means of a static-thrust calibration which
was made with the airplsene near zero 1ift. From this
calibration the relation of the thrust developed by both
engines over a range of engine speed was determined. Since
the change in thrust due to tunnel operation was found to
be very small for these stability investigations, the
thrust calibration for the static condition was used for
all the opereting conditions tested.

For the determination of the lateral-stsgbility and
control characteristics of ’che.air*plane(,J rudder tests
were mede at angles of yaw of 0°, 2°, 6°, 90, and 10.6°
for a range of angle of atteck and for flap deflections
of 0° and u5°. Inasmuch as considerseble engine-operating
time had been consumed during the longitudinal-stability
investigsation and since further extended operation would
require a major overhaul or revlscement of the jet units,
most of the rudder-effectivensss tests were made with the
jets units inoperative. One test at esch angle of yaw
snd at sn angle of atteck of %2.9° was made with the
engines operating st a constant rpm, simulating rsted
thrust at zero ysw. The rudder tests were made with
the rudder tab, the ailerons, and the elevator in the
neutral position. The alrplene wss yawed only to the
right for these tests since it was considered thet the
characteristics of the airplsne would be similsr for
yaw in elther directior. The range of yaw angles was
the meximum attainable by the particular strut-supnort
setun. Data were also obtained for the determination
of the effects of single-engine operation on the
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lateral-control characteristics of the airvlane by
oneration of onlv the left unit over a range of thrust
conditions with the alrplane at zero yaw and at an angle
of attack of -0.50,

T order to determine the effectiveness of the test
ailerons, aileron-effectiveness tests were made with
the 1rp1ane at zero yaw for a range of angle of attack
and for flap deflections of 0° and MSO. These aileron-
effectiveness tests were made for deflections of the
left aileron only and with all other control surfaces
locked in neutral. The jet-provulsion units were not
in operation for these tests since the air flow over
the region of the ailerons was considered unchanged by
the exhaust jet.

Inasmuch as very little data are available with
regard to the effects on the air flow at the tall due
to the exhaust jet of a jet-propulsion system, a few
tests were made with the empennage removed to provide
a basis for estimating these effects,

RESULTS AND DISCUSSION

The presentation of results and the accompanying
discussion relating to the estimated static stability
and control characteristics of the Bell¥YP-50A airplane
are given in three sections: (1) longitudinal stability
and control, (2) analvsis of exhaust jet effect, and
(3) lateral stabilitv and control

The results of the tests are giver in terms of the
stgndard NACA force and moment coefficients. The forces
and moments have teen referred to the system of axes in
which the X axis is the interscction of the nlane
of symmetry of the airplane with a plane perpendicular
to the plane of svmmetrv and pa"allel with the relative
wind direction; the Y axis 1is nerpendicular to the
plane of symmetry; and the Z axis is in the plane of
svmmetﬁv and perpendicular to the X axis. All the
moments are based on the wing mean chord and are computed
about a center of gravity locaued at 27.2 percent of
the mean aerodynamic chord and 5,1 inches below the root
chord line. All test results are corrected for jet-
boundary and btlocking effects by the methods dlscussed
in references 2 and %. The tesbts were made at a Mach
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number of about 0.1 and no attempt has been made to
predict the effect of high Mach numbers on these results,

Longitudinal Stabilitv and Control

Elevator effectiveness and hinge moments.- The
results of the elevator tests which show variations of
Cr,s Cp, and Che with &, (tab neutral) for the

angles of attack, flap deflecticns, and engine-operating
conditions tested are given in figure 10, For the same
engine-operating conditions and flap deflections the
variations of Cp and Cy, with angle of attack at

different elevator settings are presented 1ln figure 11.
To aid in the analysis of the test results, the elevator
data have been cross-plotted (fig. 12) to show the
variation of Cp with C; for the engines lnovsrative
and the rated thrust conditions with the flaps retracted
and deflected [;5°. The results of tests made with the
tail removed are shown in figure 13, : '

To determine the changes in elevator effectiveness
due to variations in engine oneration, flap deflszction,
and angle of attack, the slopes of the pitching-moment
curves dC,/d8,, measured at Cp = O, have been obtained

and are plotted in figure 1l as a function of angle of
attack. The sloves.of the hinge-moment curves dCh,/dds,

measured at &g = 0, are also presented in this figure,.
These results show that a change in airplane attltude,
flap deflection, and engine operation produce very small
variations in the control-surface effectiveness. The
value of de/dée, per degree, decreases slightly

from -0,0125 at an a of 0° to -0,0115 at an o of 15°,
The fairing of a single curve through all values gives

a maximum deviation of only *0,0007 from the average
value of dCp/d6, at any angle of attack. The measured

values of (dche/dée)5 _o @&t each angle of attack for
e '

all the test conditions do not show quite so consistent
a trend as the piltching-moment results, especially in
the lower angle-of-attack range. The average value of
all conditions of engine operation and flap deflection
is about =-0.0040 per degres.

Tne results of elevator tests made with the tab
deflected *10°at angles of attack of 0,1° and 15°
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and with the jet unlts operating at the rated-thrust
condition are given in figure 15. A comparison of
these data with the tab-neutral results, which have
been included in figure 10, shows very small variation
in the slopes of the pitching-moment and hinge-moment-
curves due to tab deflection. The ratio of tab
deflection to elevator deflection (6t/68)ch —o 1s

&

about 1.l for the two extreme angle-of-attack conditions.

Longitudinal stability and control, stick fixed.-
The longitudinal-stability and control characteristics
of the airplane with the stick fixed for the conditions
investigated are shown by the variation of elevator
trim angle with indicated airspeed in figure 16. With
the jet-propulsion engines inoperative the airplane is
statically stable (flapns up or down }5°) throughout
the speed range. Anplication of Jjet propulsion decreased
the amount of elevator deflection regquired to trim the
airplane throughout the speed range. The static
longitudinal stability of the airplane 1s decreased to
about neutral for the rated-thrust flap-down (wave-off)
condition in the speed range from about 100 to 200 miles
ner hour, For the normal low-thrust landing condition
(engines idling, flaps down i5€) the rate of change
of & with sveed indicates satisfactory direction of
elevator-control movement for the limlted speed range
investigated.

Tt 8hould be noted that these elevator trim
variations are nresented for the design center-of-gravity
location 27.2 percent mean aerodynamic chord. The
longitudinal=-stability characteristics of the airplane
for anv center-of-gravity location can be determined
from the curves of figure 17. Each curve represents
voints of the center-of-gravity location at which the
longitudinal stability is neutral with the alrplane
trimmed, As previously discussed from the curves of
figure 16 for the design center-of-gravity location
of 27.2 percent mean aerodynamic chord, the airplane
will be about neutrally stable for the wave-off flight
condition in the Cy, range from about 6.5 to 1.0. A
very small static margin (less than 1 percent) exists
for the rated-thrust flap-neutral condition at low
1ift coefficients (high speeds), For the remaining
conditions shown there are greater positive static
margins and, in general, the neutral point moves rearward
as the 1lift coefficient is increased,
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: Longltudlnal stabilitv and control Stickwffee.-
An indIcation or fhe Ilongitudinal §Eéb11fty cf the
airplane witlh the stick free (tab neutral) for the
conditlons tested 1is 0‘:Lveﬂ ‘by. the . variations
of -Cy Chg O) with €p in figure 18, Stick-free

instablllty is shown foér the wave- -off condition (rated
thrust, = [}5°) by the positive slope of the pitching-
moment curve at the trim 1ift coefficient of 1.18.
Although a trim voint is not shown for the rated-thrust
flapseretracted condition, stick~free instability is
indicated at 1ift coefficients greater than about 0.4
for this case. For the remaining conditions tested,

it appears that the airplane will be longitudlnally
stable with the stick Lree.

The stablllty of ‘the alrblane, stick free, 1s also
given by the variations of the stick-free neutral points
w1th 11ft coefficient in figure 20 showing a comparison
of the engines inoperative and the rated-thrust condi-
tions with the flaps up and down 45°., In this pres-
entation it was assumed that, since there exists very
little change In the dynamlc pressure at the tall, the

effectiveness of the elevator tab shown for the rated-
thrust case -will be substantially the same for the
remaining conditions 1nvestigated As prreviously
indicated in figure 18 the airplane will be longi-
tudlnajlv stable stick free, with the engines inop-
erative and for flap deflections of 0° and 45°. For
rated-thrust operation,with.flaps neutral, -stick-free
instability occurs between lift coefflcients of about 0.3%5
and 0,95; for rated-thrust operation with the flaps
deflected 45° the airvlane will be unstable, stick free,
at 1ift coefficients greater than about 0.8. It should
_ be noted here that the negative value of Cha' is

associated with a loss of stick-free stabllity for the
case where the stick-free neutral point is forward of
the stick=-fixed neutral point

In order to determine the control-force charac-
teristics of the alrplane the tab-neutral hinge-moment
results have been adjusted so that the stick force 1s
zero at the trim sneeds listed in the following table
for the different conditions.
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: ‘Flap |Speed for
vlight condition| Operating condition |setting| trim
o ) | (deg) .veloc;ty,
(mph )
5lide - Engines inoperative 0 150
Landing approach| =veeecacedo ,~em==en| L5 - 120
" DOymm=mm—- Idling thrust L5 120
Wave:off - Rated thrust L5 100 -
Climb S PO I 230
Cruise, Cruising thrust 0 265
High speed - ‘Rated thrust 0 315

The resulting stick-force variations with indi-
cated airspeed for these conditions are glven in
figure 20, These results do not include the effects
of friction in the elevator control system. The steady
flight conditions shown in figure 20 indicate stable
stick~force variations for all speeds above and below
the trim speeds for the two ldnding, the gliding, and
the cruisirng conditions described in the above table,
For the latter condition, however, with the alrplane
trimmed for Fg = O at 265 miles per hour, the stick
forces are rapldly decredsing to zero again in the
range of low flight speeds. For the three rated-thrust
conditions 'shown (&p = 0° and 45°) instability is
indicated by the two or more trim stick-force speeds
occurring in the speed range. For the rated-thrust
flap-retracted condition with the airplane trimmed
at high speeds (over 300 miles per hour), the control-
force response will probably be satisfactory for a
reasonable range of speeds deviating from the trim
speed, An unstable variation of stick force with
indicated airspeed within the important speed range
1s indicated for the wave-off and climb conditions.

A few calculations were made to determine the
effect of changes of-thrust and flap deflection on
the elevator stick forces.:. It was found that with
the tab fixed for 'trim at 120 miles per hour for the
zero-thrust, flap-deflected condition, the changes in
control force never exceed the 35-pound limit, accepted
in the Army requirements, when any combination of englne
operation or flap deflection is suddenly appliled.
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Additional computations were made to estimate for
steady turning flight the variations of stick force
and elevator deflection per g with center-of-gravity
position for sea-level overation. The results in
figure 21 for the engines-inoperative condition with
flaps neutral are based on a maneuver which would
develop the normal load factor of 9 at a 1lift coeffi-
cient of 1,0. The curve for this condition shows a
change of 2,15 pounds ver g for a 1 percent center-of-
gravity shift and a maneuver point of 3.l ‘percent of
the mean aerodynamic chord., At the normal center-of-
gravity location a wvalue of 15,5 pounds per g is indil-
cated, This gradient is higher than that generally
accepted for a fighter alrplane.

Analysis of Exhaust=Jet Effect -

In the analysis of the test data, certain trends
and characteristics of the results indicated that the
jet action of the exhaust lntroduced destabilizing
effects of the longltudinal stability of the airplane.
Some correlation of the test results has been made in
order to determine the extent of the jet effect on
the air flow at the tall and the more significant
results are discussed in the following sections.

The results shown in the foregoing sections and
especially the data in figure 1l indicate that the
effectiveness of the elevator, which is a direct
measure of the dvnamic-nressure ratio at the tail
plane, is nractically unchanged by a large range of
thrust conditions and flap deflection. Since the
ratio qi/q, 1s substantlally unaffected by the jet,

it may therefore be concluded that any change 1n
stability is caused elther by the thrust moment of
the jet or by a change in downwash at the tall.

The over-all change of stability due to rated-
thrust operation (flavs up or down [5°) is shown by
the stick-fixed neutral-point results in figure 17.
The forward shift in neutral-point location due to
rated-thrust operation with flaps retracted is nearly
a constant value (about 7 percent M.A.C.) throughout
the C range. It is also shown that with flaps

deflected L5° the forward shift is approximately
constant (5 percent M.A.C.) only to a C(Cp of
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about 0.7 and at 1ift coefficlents grzater than 0.7 the
destabilizing effect of the jet 1s considerably greater.

In order to determine anproximately the relative
contribution of the thrust moment and the downweash
angle to the total moment resvlting from rated-thrust
engine oneration, comnarisons are shown of experimental
and theorebical estimated increments of nitching-moment
coefficient over the (p range in figure 22.. The
estimated total fincrements of pitching moment, which
were calculated from theoretical estimated downwash
angles at the tail for a jet source located at the
wing trailing edge, were based on an unpublished
theoratical analvsis, For the flaps-retracted condition
there is good agreenent between the estimated and
experiimental results and for this condition it is shown
that about 70 percent of the total change in stability
18 caused by the thrust moment of the jet. With the
flaps deflected L5°, however, thsre is a marked increase
of experimental total moment coefficient as compared to
the estimated results for 1ift coefficients greater than
about 0,65. Since the experimental thrust-moment
increments are substantially the same as the estimated
thrust-moment results, the large change in the total
increment for this flap-deflected condition at high-
1ift coefficients 1s attributed to a larger change in
downwash at the tail than would be expected. For this
case it is estimated that about 75 percent of the total
change in stability is caused by the thrust moment of
the jet for 1ift coefficlents up to about 0.65. At
greater 1ift coefficients, Cp, of 1.0, for example,
it is found trat onlyv about 21 Dercent of the total
destabilizing moment is caused by the thrust action
of the jet.

To supplement the foregoing discussion, the
downwash angles at the tail are presented in figure 23
to show the effect of rated-thrust engine oneration for
both the flap-neutral and flap-deflected conditions.
There is shown a marked difference in the experimental
and thsoretical increments in downwash due to engine
operation with the flaps deflected., It is believed
that much of this increase in downwash at the tail
results from a reduction of flow separation at the
nacelle inlets and at the wing-nacelles fillet. There
is a relatively large destabilizing shift in neutral
point due to rated-thrust oneration for the flap-
deflected condition at high-1ift coefficients;
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however, 1t should be noted that for the engines-
inoperative condition there is a large degree of
stability and as a result the airnlane 1s about
neutrally stable for the rated-thrust flap-deflected
condition at low speeds.

Lateral Stability and Control

Asrodynanic characteristics in yaw.- The results
of tests made with the airolane in yaw, the landing
flaps retracted and defliected MSO and with the engines
inoperative are given in figure 2&. These results show
the variations of Cp, Cy, Oy, and Chr with ©6p

for angles of vaw of 09, 3%, 6©°, g©, and 10.6°. Similar
results are given in figure 25 for an angle of attack

of 3.9° with the englnes operating at the rated-thrust
condition (T.' = 0.09) and with the landing flaps
retracted. The aerodynamic characteristics of the
alrplane at zero vaw with only the left engine operating
are shown in figure 26, -

In order to determine the effects of angle of yaw,
angle of attack, flap deflection, and rated-thrust engine
oneration on the rudder characteristics, the slopes of
the curves of Cp, Cys Cy, and Chr against 5.,

measured at &, = 0, are presented in figure 27. It
is seen that within the ranges tested the effects of

the conditions mentioned above on the slopes of these
curves are negligible althouzh there 1s a small degree
of variation in the values of dCh,/d6p. The average

values of the slopes dCp/dbp, ACy/dd,, dCy/dbp,

and dchr/dér for the conditions tested are avproxi-
mately -0.0007, 0.0015, 0.0001, and -0,0125 per degree,
respectively. The results shown for the engine-operating

condition indicate that the effect of the exhaust jJet
on the rudder effectiveness is negligible,

The rudder-sffectivensss data of figures 2L and 25
have bsen cross-plotted for ©6np = 0 to show the effects
of yaw on the aerodynamic characteristics of the airplane
and these results are given in figure 28. The directional-
stability varameter dCp/d¥, measured between V¥ = 0°
and 10°, is about -0.0010 ver degree for the engines-
inoverative flaps-retracted condition at an a of -0.5°.
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For the envines-inoperative flaps-deflected condition at
an a of £.7° the directional stability of the alrplane
will be low; dcn/dw is reduced to approximately zero at
angles of yaw betwsen 20 and 80, The lateral-rorce effect
dCY/dW with the engines inoperative is decreased about

one-nhzlf from a velue of 0.0055 per degree at an a of
-0.5% (flaps retracted) to ebout 0.0025 per degree at an

a of 11.8° (flaps deflecteéd 459). The dihedral effect
dc,/db shows an increase with flep deflection from

0.0010 per degree for the engines-inoperative flseps-
retracted condition 2t a = -0.5°9 to approximately 0.0017
for the engines-inoperative flaps-deflscted condition at
a = 5,7° For the latter coadition, this value corresponds
to an effective dihedrsl angls of about 7.5°. It should
be noted that =t an angle of attack of about 5.79, with
the engines inoperative and with flaps deflected 150, a
condition of latersl-oscilistory instebility msay occur
since the value for dCy/a¥ (0.0017) is considerably

grsster then that for dCp/dy  (approximately zero) for
angles of yaw betwsen 2° and 8°.

The values of dCp/dV¥, dcy/d¥, and dCy/dy for

the engine-cperative condition tested are -0.0012,
0.00265, and 0.0060, respectively, ez compared to the
values -0.C009, 0.001L, snd 0.0050 for thc engines-
inoverative condition at the same engle ol attack of 2,99,
Although the operation of the jet units at rsted-thrust
influences the dlhadrsl effect to a lerger extent then
either the directionsl stability or the lateral-force
effect, there are not sufficlent engines-overative

test results from which to draw any definite conclusions
as to the effects of the jet on these paremeters.

- The results of figure 29 indicate that the longi-
tudinal trim changes due to yaw will be neglizible for
yaw angles up to at least 10°. There is some evidence
thst the wing may begin to stall for yaw angles gresster
than 10° with the sirplane in the landing attitude
(a = 11.89, &4 = 45°) and with the engines inoperative.

Rudder-control characteristics.- The rudder-control
characteristics of the sirplsne in yaw were obtained by
cross-plotting for Cp = O the test results of figures 2l
and 25. The variations of rudder deflection for trim
with angle of yaw for the conditions tested are shown
in figure 30. The rudder deflsctions ars conservative
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since the effects of aileron control, which would tend
to decrease the amount of rudder required for trim in
vaw, are not included. These curves of rudder deflec-
tion for trim against angle of yaw show stable variations
for all conditions tested although there is indicated

a marked reduction in directional stability as the
angle of attack is decreased and the flaps are
deflected l5°., With the engines inoperative, the
rudder deflectlon required to trim the airplane at

¥ = 10° is reduced from about 15° at an a of -0.5°
with the flaps retracted to about 5.5° at an a

of 5.7° with the flaps deflected L5C, For this latter
condition it will be noticed that the change in rudder
deflection for trim with angle of yaw is very small
within the yaw-angle range from about 3° to go. The
effect of rated-thrust engine operation at an angle

of attack of 3.9° with the flaps retracted 1is to
increase slightly the trim rudder settings for a given
angle of yaw, With the airplane in a high-speed
condition,with only one engine operating at rated thrust,
a very small rudder deflection will trim out the yawing
moment produced by the single jet. However, with the
airplane in low-speed flight and with one englne
develoning rated thrust, the unbalanced yawing moment
due to the single jet is estimated to be considerably
greater, At a flight speed of 100 miles per hour,

for example, a rudder deflection of about 10° will ve
required to trim out the resulting vawing moment

(Cp = 0.006)., The vedal force for this condition is
estimated to be ahout 30 pounds. :

In order to show the rudder-free characteristics
of the airplane, the test data have been cross-plotted
to obtain the variation of Cp CHo=0 with angle of yaw
r

and the results are given in figure %31. All these
curves show stable rudder-free characteristics. It
may also be deduced from figure 31 that at least for
the limited yaw range tested stable rudder-pedal
movements will be required to trim out the airplane
yawing moments.

The variation of rudder-pedal force with angle
of yaw for the conditions tested are given in figure 32
for a speed range from about 97 to 180 miles per hour.
As vpreviously discussed, stable pedal-force variations
with yaw are shown by increased rudder-pedal forces
as the yaw angle i1s increased. It should be noted that
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high forces are required for trim at 10° yaw (about

195 pounds) at a flight speed of 180 miles per hour
with engines inoperative or operating at rated thrust
(flaps neutral). Avoplication of rated thrust for the
flap-neutral condition at 180 miles per hour results

in only minor changes in the variation of rudder force
with yaw., As the speed of the airplane is reduced

to about 100 miles per hour for the engines-inoperative
flaps-deflected condition the pedal force is reduced
to about [0 pounds with the airplane yawed 10°.

These results show a definite tendency for poor
lateral stability and control with the airplane in a
moderate sideslip and at 1ift coefficients in the
neighborhood of 0.8 with the engines inoperative and
landing flaps deflected L5°. At 1ift coefficlents
greater than 0.8, however, the directional stability
(rudder fixed and rudder free) is increased somewhat
and should result in some improvement in directional
control for an engines-inoperative landing. The datsa
are not sufficiently complete to afford an estimate
of the effect of engine operation on the directional
control although there is some indication of a
stabilizing influence due to engine operation.

Aileron effectiveness and control characteristics.-
The effects of alleron deflection on the airolane
yawing and rolling moments are shown in figure 33 for
a range of angles of attack and for flap deflections
of 0° and };5°. The effectiveness of the ailerons
dcl/aéaL’ measured at 8g; = 0°, is practically

unchanged over the large range of angles of attack
and the two flap deflections tested. With the flaps
in neutral, dCL/déaL at a = -0.5°9 1is about

0.0015 per degree and decreases slightly to about
0.0013 per degree at an a of 13,49, The values
of dCZ/déaL with the flaps deflected [j5° may be

considered the same as for the flaps-neutral test
results, The rate of change of yawing-moment coefficient
with aileron deflection for the flaps-neutral condition
Increases with increasing angle of attack; such that,

the adverse yawing-moment coefficient due to full-
aileron deflection (A8, = 300) is 0.001 at a = -0.5°

and is 0,011 at a = lB.ho. The adverse yawing-moment
coefficient due to total alleron deflection with the
flaps deflected [}5° is 0.00 at o = 3,20 and is 0.009
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at a = 12.7°. TFor ths flans-deflected condition

at a = 12.70 (85 milés ver hour) a rudder deflecticn

of 15° would he nesessary to trim out the adverse yawing~
moment coefficient resulting from full-aileron cdeflection.

Although hinge-moment data are not available, a
few of the lateral-control characteristics of the
alrplane can be evaluated from these aileron-
effectiveness tests. The control effectiveness of
the allerons can be given in terms of the helix
angle generated hy the wing ti pb/2V for any aileron
deflection., The value of »pb/2V based on the total
measured rolling moment developed by maximum aileron
deflection is calculated to be about 0.066 for the
high-speed flight condition (a = -0.5°, &¢ = 0°)
and 0.057 for the landing condition (a = 12.7°, &¢ = 45°).
The factor of 0.8 which approximates the effects of
adverse yaw at low speeds and compressibility and wing
twist at high sveeds has been applied to the wind-tunnel
rasults., It should be noted that these values of pb/2V
are considerably lower than the minimum Army requirement
of 0,09, It is estimated that the maximum rolling
velocity develoved by full-aileron deflection at an
indicated airspneed of 300 miles per hour is approxi-
mately 750 per second at sea level, provided the pb/2V
of 0,066 is attainable at that speed for a limiting
stick-force requirement of 50 pounds.

STMVARY OF RESULTS

The more important information relative to the
static stability and control characteristics of the
Bell YP-59A zirnlane as determined from full-scale
tunnel tests are summarized as follows:

1., Witk the center of gravity located at 27.2 per-
cent mean aerodynamic chord, the airplane exhibits *
neutral longitudinal stability (stick fixed), for '
rated-thrust low-speed flight with landing flaps
deflected 45° and rated-thrust high speed with flaps
neutral., TFor all other conditions tested the airplane
is longitudinally stable for this normal center-of-
gravity location.

2. Stable stick-force variations with speed occur
for the engines-inoverative (flaps retracted and
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deflected 1i5°), idling-thrust (flaps deflected 15°), =and
cruicing-thrust (flaps retracted) concitions with the
eirpisne trimmed for glide, landing, and crulsing speeds,
respectively, at sea level. The airplene will be unstable,
stick free, for reted-thrust operetion ©&p = 0° vbetween
1ift cnﬂitl01unus of about 0. 53 to 0.95 and for rated-
thrust ozeretion = [}50 at 1ift coefficients greater
than 0.8, '

5, With the flans retracted, there is about a 7 per-
cent sverage forward shift in the stick-fixed neutral
point due to rated-thrust engine cpsrestion over the
Cy, range. Of this total chenge in stebility about
70 percent is caused by the thrust moment of the jJet
about the center of grsvity of the airplane. The remainder
is attributed to the inflow of the =2ir at the tail due
to the action of ths jet. With the fleps deflected L5°
there is aporoximstsly s constent 5 percent forward shift
of the neutral pcint due to rated thrust operstion up to
s Cyp of sbout C.7. At a Cp of 1.0 for this condition

it is estimated thst only 21 percent of the total
destabilizing moment is caused by the thrust moment of
the jet. The remsinder 1s believed to result from an
incressed angle of downwash a2t the tail due to the
reduction of flow sepsesration around the nacelles.

i« The dynsmic pressure ratio at the tail is
censidered substantially unaffected by the action of
the jet or by flap deflection.

5. For the normal center-of-gravity locstion the-
velue of 15.5 vounds per g is conuidered to be s high
stick-force varisztion for scs-level [light.

6. Cn the basis of test results, the directional
stability of the airplene for some flight conditions is
considered low. The slopse of the yawing-moment coefficient
qQurve un/d\v for the engines-inoperative flaps~retracted
condition at low angles of attack is sbout -0.0010 per
degree eand is decr“aSpd to about ~0.0005 at en a of 1ll. 8°.
At =zn angle of attacr of 5.7°, w1th the engines ;noperatlvc
‘and flsps.deflected 459, the c,/dV 1is about zero in

the yaw~angle range from 2° to 80.

7. With the engines inoperativs, the dihedral
effect dcy/dV increases from O. OOlO per degree with
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flaps retracted at an a of —0.50 to about 0,0017 with
flans deflected 45° at an a of 5.7°. It is possible
that at an angle of attack of 5,79 (Cr, = 0.8), with the
engines. inoperative and flaps deflected j5°, the airplane
may revert to a condition of lateral oscillatory
Instability since the effective dihedral is high,
whereas, the directional stability is about neutral.

8. The variations of rudder-pedal force for trim
with yaw are stable for all conditions tested.

% The ailerons, as tested, have low-control
effectiveness; the pb/2V values of 0.066 and 0.057
are estimated for the high-spesd and landing conditions,
respectively. )

Langley Memorial Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Field, Va., January 18, 1945
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FIN

Frism deflector

RUDDER

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 4. Section of the finand rudder showing 1he instollation
of the prism defleclor ot the fin frailing edge.
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Section A-A

Figure 5.-Sketch of the modified rudder with the frailing-
edge bead's installed.
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| Koot Chord Line

COMMITTEE FOR AERONAUTICS

\\% NATIONAL ADVISORY

AILERON

Figure 7 - Section views of the control surfaces on the YP-59A airplone.
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